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Abstract  
Twelve final effluent samples from four hospitals namely Al-Ansar, Al-Miqat, Al-Zahraa and Al-Dar in 
Al-Madina Al-Munnawara were collected in spring of 2007 and screened for bacterial counts. Gram-
negative rods belonging to 21 different species and 13 genera represented the main bulk (65.2%) out of 
the 359 bacterial isolates followed by Gram-positive rods (31.8%) and Gram positive cocci (3.1%). The 
most common isolates were belonging to Escherichia coli (32.05%) followed by Enterobacter cloacae 
(17.9%). The 234 identified Gram-negative rods isolates were tested for their susceptibility for seven 
antibiotics at the commonly tested concentrations in hospitals and higher concentrations of the same 
antibiotics. Gentamicin was the most effective antibiotic, as only 2.6% of these isolates were resistant to 
10µg/ml, while 2.1% were resistant up to 256µg/ml. The least effective antibiotic tested was 
sulphamethoxazole, as 82.9% of the isolates were resistant to 25µg/ml of this antibiotic, while 62.8% 
were resistant to 1024µg/ml. The second less effective antibiotic was ampicillin.  
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Introduction 
Antibiotic resistance has become a serious 
public health concern with economic and social 
implications throughout the world, be 
community acquired infections like 
streptococcal infections, pneumonia, typhoid 
fever, etc., or hospital acquired infections due 
to methicillin resistant Staphylococcus aureus, 
vancomycin resistant enterococci, vancomycin 
intermediate S. aureus or extended spectrum 
beta-lactamase enzyme producing Gram 
negative bacteria. These infections lead to 
higher rates of hospitalization, longer hospital 
stay, and increase in the cost of treatment and 
thus increased economic burden on the 
community [1]. 
      The emergence of pathogenic bacteria 
resistant to most, if not all, currently available 
antimicrobial agents has become a critical 
problem in modern medicine, particularly 
because of the concomitant increase in immuno-
suppressed patients [2]. In June 2000, the WHO 
warned that the level of resistance to drugs used 
to treat common infectious diseases is reaching 
a crisis point. If world governments do not 
control infections  in order to slow down the 
development of drug resistance, entire 
populations could be wiped out by superbugs 
[3].  
      During the past decade, concern has grown 
about the adverse effects of the use and disposal 
of pharmaceuticals might potentially have on 
human and ecological health [4]. Resistant and 
even multi-resistant pathogenic bacteria have 
been detected in wastewater and sewage 
treatment plants, as well as in other 
environmental compartments [5–8]. 
Furthermore, in arid regions, wastewater 
containing resistant bacteria and antibiotics is 
used for irrigation, and sewage sludge serves as 
a fertilizer. This allows resistant bacteria to 
enter the food chain directly. Hospitals are one, 
albeit not the only source of antibiotic input 
into the environment [4]. 
      This investigation aims to explore the 
profile of antimicrobial resistance, and evaluate 
the size of this problem among the pathogenic 
Gram-negative bacteria as the most commonly 
encountered pathogens in hospitals drain in Al-
Madina Al-Munnawara. 
 
Materials & Methods 
Sewage samples 
This study was done for 4 hospitals in Al-
Madina Al-Munnawara district, Kingdom of 
Saudi Arabia, 2 of which were representing the 
hospitals of public sector namely Alansar and 
Almiqat, while Alzahraa and Aldar were 
private.  Three sewage effluent samples were 
collected from sewage receiving final effluents  
 
from each hospital under sterile conditions in the 
period from 29th April to 10th June, 2007. 
 
Isolation of bacteria 
Bacteria were isolated using serial dilution 
technique on Nutrient agar (Liofilchem, Italy) and 
MacConkey agar (Scharlau, Spain). Bacterial 
isolates were then counted as colony forming units 
(CFU) and purified.   
 
Identification of bacteria 
Bacterial isolates were morphologically 
characterized according to Benson [9]. Gram-
negative bacilli were identified using API 20E kits 
and the software APIWEB (Biomérieux, France).  
 
Test  Antibiotics sensitivity  
This test was carried out by the standard disc 
diffusion technique according to the 
recommendations of National Committee for 
Clinical Laboratory Standards [10], using Mueller-
Hinton medium (Liofilchem, Italy) and 
antimicrobial discs from Oxoid, England. Bacterial 
isolates were tested for their susceptibility to seven 
antibiotics belonging to different groups at the 
commonly tested concentrations, namely: 
ampicillin- 10 µg (AM 10), cephalothin- 30 µg (CE 
30), clindamycin- 2 µg (CM 2), gentamicin- 10 µg 
(CN 10), cefoxitin- 30 µg (FOX 30), penicillin G- 
1.5 units (P 1.5) and sulphamethoxazole- 25 µg 
(SXT 25). These antibiotics were chosen taking in 
consideration the most commonly prescribed 
antibiotics in these hospitals. 
Resistance to high concentrations of antibiotics 
This test was conducted using "Etest", supplied 
from AB BIODISK (Solna, Sweden) on the 
resistant isolates to the commonly tested 
concentrations in the previous experiment. Etest is 
a quantitative technique for determining the 
antimicrobial susceptibility. The system comprises 
a predefined antibiotic gradient which is used to 
determine the MIC (µg/ml) of different 
antimicrobial agents against microorganisms as 
tested on Mueller-Hinton medium (Liofilchem, 
Italy) using overnight incubation at 37ºC. 
Inoculation was made by streaking the whole plate 
by standard sterile swabs according to the 
recommendation of the manufacturer using 
bacterial suspension in sterile saline, in order to 
achieve a turbidity of 0.5 according to McFarland 
scale (a standard scale for measuring number of 
bacterial cells as cfu/ml using the turbidity of their 
suspensions) [9]. 
      Etest consists of a thin, inert and non-porous 
plastic strip. A predefined exponential gradient of 
antibiotic is immobilized on the lower surface of 
the strip. When an Etest strip is applied to an 
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inoculated agar surface, there is an immediate and 
effective transfer of the preformed antibiotic 
gradient on the plastic carrier surface into the agar 
matrix. After incubation, whereby bacterial growth 
becomes visible, a symmetrical inhibition ellipse 
centered along the strip is seen. The MIC value is 
read from the scale in terms of µg/ml where the 
ellipse edge intersects the strip [11- 14]. 
 
Results & Discussion 
The average total viable counts of bacteria (as 
cfu/ml) in sewage samples on nutrient agar ranged 
from 2.25x 105 for Almiqat hospital to 4.2x 105 for 
Alzahraa hospital. On MacConkey's agar, the 
average counts ranged from 3.8 x 103/ml for Aldar 
hospital to 2.75x 104/ml for Alzahraa hospital (Fig. 
1). In an analogous study [15], conducted on final 
effluent of 5 hospitals in Al-Madina Al-
Munnawara, the counts on plate count agar were 
ranging from 1.26x 104/ml for Saudi German 
hospital wastewater to 1.25x 106/ml for King Fahd 
hospital. In the same investigation, the average 
counts on MacConkey's agar ranged from 1.04x 
103/ml for Ohod hospital to 1.85x 105/ml for King 
Fahd hospital. As obvious, average counts are more 
or less within a near range in both investigations. 
In another study, the mean counts of coliforms/ml 
in urban and hospital drains were 6.89×105/ml and 
4.84×105/ml, respectively. Klebsiella predominated 
amongst the 16 coliform species that were 
differentiated; Escherichia coli occurred with 
highest frequency [16]. 
         A total of 359 bacterial isolates were picked 
from the sewage samples collected from the four 
hospitals under study. Gram-negative bacilli  
representing the main bulk were 234 (65.2%), 
Gram-positive bacilli were 114 (31.8%), while 
Gram- positive cocci were only 11 (3.1%) (Fig. 2). 
As compared to the previous study [15], Gram-
negative bacilli were also representing the major 
group (70%) followed by the Gram-positive bacilli  
 
(27%), while Gram-positive cocci were 
representing 2%, and Gram-negative cocci (1%). 
No Gram-negative cocci were detected in the 
present study, while they represented 3.1% out of 
the total count obtained in the previous 
investigation. In general, Gram-negative cocci are 
seldom encountered in nature because of their 
complex nutritional and environmental 
requirements for surviving. 
 
 
 
 
 
      Fig.1. Average counts of CFU/ ml sewage from different hospitals. 
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                        Fig. 2. Distribution of bacterial morphological groups in sewage samples.
  
Gram-negative bacilli were found to belong to 21 
different species and 13 genera showing wide 
variability. Some of these isolates are common 
pathogens (e.g., Escherichia coli, Bordetella 
pertussis, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, …etc.), while others are not 
pathogenic (e.g., Enterobacter cloacae, 
Citrobacter koseri, Aeromonas hydrophila, 
Pseudomonas fluorescens, …etc.). The most 
common (Table1) were those belonging to 
Escherichia coli (32.05%) followed by 
Enterobacter cloacae (17.9%). These results are in  
 
 
 
near accordance with many investigations [15, 17-
20]. There was no big difference in the number of 
isolates from sewage samples obtained from 
different hospitals, they ranged from 53 isolates 
from Alzahraa hospital (belonging to 13 species) to 
62 isolates from Alansar hospital (belonging to 15 
species). Bordetella pertussis was not encountered 
in the previous investigation [15], which may be 
accepted for sewage samples, exposed to various 
environmental conditions, taking in the 
consideration its weak persistence in unfavorable 
conditions. 
 
   
Table 1. Gram-negative bacterial species isolated from sewage samples from different hospitals.
  
 
Bacterial species 
Total No. 
of isolates 
Number of isolates  
Almiqat 
hospital 
Alzahraa 
hospital 
Aldar 
hospital 
Alansar 
hospital 
Aeromonas hydrophila 20 3 6 7 4 
Bordetella pertussis 4 - - 4 - 
Burkholderia cepacia 23 5 8 7 3 
Citrobacter koseri 3 - 2 - 1 
Enterobacter cloacae 42 9 12 8 13 
Erwinia sp 3 2 - 1 - 
Escherichia coli 75 23 13 18 21 
Klebsiella ornithinolytica 2 - 1 - 1 
Klebsiella oxytoca 2 1 - - 1 
Klebsiella pneumoniae 4 1 1 - 2 
Proteus vulgaris 2 1 - 1 - 
Providencia alcalifaciens 1 - 1 - - 
Pseudomonas aeruginosa 15 3 2 6 4 
Pseudomonas fluorescens 9 3 3 1 2 
Salmonella sp 8 3 2 1 2 
Serratia ficaria 1 - - - 1 
Serratia liquefaciens 2 1 1 - - 
Serratia marcescens 10 2 1 3 4 
Serratia odorifera 5 1 - 2 2 
Serratia plymuthica 2 1 - - 1 
Serratia rubidaea 1 1 - - - 
Total number of isolates 234 60 53 59 62 
  
31.8%
3.1%65.2%
Gram
positive
bacilli
Gram
positive
cocci
Gram
negative
bacilli
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Organisms commonly found in sewage may be 
associated with infections in debilitated inpatients. 
These organisms represent an increased health risk 
because an important aspect of these organisms’ 
physiology is their ability to resist the effect of 
antibiotics typically prescribed to treat the 
infections they cause [21]. This maximizes the 
need for continuous surveillance of pathogenic 
bacteria in sewage, and of course the subsequent 
attempts to control them.  
       The 234 identified Gram-negative bacilli were 
then tested for their susceptibility for the seven 
antibiotics under test. This test was run under the 
commonly tested concentrations in hospitals using 
saturated discs, and higher concentrations of the 
same antibiotics using Etest (Fig. 3). Data in Table 
(2) and Fig. (4) show that gentamicin was the most 
active antibiotic against the Gram-negative 
bacilli isolates tested, as only 2.6% of these isolates 
were resistant to this antibiotic at concentration up 
to 10µg, while 2.1% showed resistance at 
concentrations up to 256µg. The least active  
 
 
 
 
 
 
antibiotic tested was sulphamethoxazole, as 82.9% 
of the isolates were resistant to 25µg of this 
antibiotic, while 62.8% were resistant to 1024µg of 
it. The second less active antibiotic was ampicillin. 
       After application, many drugs are excreted 
non-metabolized by the patients and enter into 
wastewater [22]. Ampicillin was found in 
concentrations of between 20 and 80 µg/L in the 
effluent of a large German hospital [23]. Antibiotic 
concentrations calculated and measured in hospital 
effluents are of the same order of magnitude as the 
minimum inhibitory concentrations for susceptible 
pathogenic bacteria [24]. The dilution of hospital 
effluents by municipal sewage will lower the 
concentration of antibiotics only moderately, 
because   municipal  waste   water  also     contains  
antibiotic     substances   and   disinfectants   from  
households, veterinary sources and to a minor 
extent from livestock. Antibiotics have been 
detected in the µg/L range in municipal sewage, in 
the effluent of sewage treatment plants, in surface 
water and in ground water [25-28]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The Etest for the isolate Escherichia coli (IAG 75) as resistant to cephalothin  up to 256 µg (top),                                         
while susceptible to clindamycin at 48 µg (bottom).
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Table 2. Resistance  of Gram-negative bacterial  isolates to  different  antibiotics  at  commonly  tested  and 
higher concentrations.
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Aeromonas hydrophila 20 16 14 12 11 3 3 - - - - 4 4 15 14 
Bordetella pertussis 4 2 2 3 3 - - - - - - 2 2 4 4 
Burkholderia cepacia 23 14 11 2 2 - - - - 3 2 3 3 18 15 
Citrobacter koseri 3 2 2 2 2 - - - - - - 1 - 3 2 
Enterobacter cloacae 42 32 29 28 21 2 2 - - 6 4 3 3 38 32 
Erwinia sp 3 - - - - - - - - - - - - 2 1 
Escherichia coli 75 67 51 56 48 41 29 2 2 3 3 5 4 69 49 
Klebsiella ornithinolytica 2 2 1 1 1 - - - - - - - - 2 1 
Klebsiella oxytoca 2 2 1 2 - - - - - - - - - 2 1 
Klebsiella pneumoniae 4 3 3 3 2 2 - - - - - 2 2 4 2 
Proteus vulgaris 2 1 - 2 1 - - - - - - - - 2 2 
Providencia alcalifaciens 1 1 1 1 1 - - - - - - 1 1 - - 
Pseudomonas aeruginosa 15 13 6 11 5 9 7 4 3 12 8 8 6 6 6 
Pseudomonas fluorescens 9 7 6 7 6 3 1 - - 1 - 3 3 8 5 
Salmonella sp 8 3 1 4 3 3 - - - 4 4 6 4 6 2 
Serratia ficaria 1 1 - 1 1 1 - - - - - - - 1 - 
Serratia liquefaciens 2 - - - - - - - - - - - - - - 
Serratia marcescens 10 7 2 8 2 - - - - 2 - 1 1 10 7 
Serratia odorifera 5 2 2 2 - 2 1 - - - - - - 3 3 
Serratia plymuthica 2 2 1 2 1 - - - - - - - - - - 
Serratia rubidaea 1 1 - - - - - - - - - 1 - 1 1 
Total number of isolates 234 178 133 147 110 66 43 6 5 31 21 40 33 194 147 
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Fig. 4. Percentages of resistant isolates to antibiotics at commonly tested and higher concentrations.
 
         In 2003, Reinthaler et al. [29] have conducted 
a study for the evaluation of resistance patterns of 
E. coli in wastewater treatment plants in southern 
Austria. A total of 767 E. coli isolates were tested 
regarding their resistance to 24 different 
antibiotics. The highest resistance rates were found 
in E. coli strains of a sewage treatment plant which 
treats not only municipal sewage but also sewage 
from a hospital. Among the antimicrobial agents 
tested, the highest resistance rates in the penicillin 
group were found for ampicillin (up to 18%) and 
piperacillin (up to 12%) and in the cephalosporin 
group for cefalothin  (up to 35%). 
         In another study, all isolates from hospital 
and urban wastewater were resistant to at least one 
antibiotic and resistance to ampicillin, tetracycline, 
and chloramphenicol was particularly high. 
Multiple antibiotic resistant strains were common 
in hospital and urban wastewater (85% and 65% 
respectively). Twenty percent of strains from the  
 
two sources were multiply resistant to six 
antibiotics. The role of untreated wastewater in the  
 
maintenance and dissemination of resistant 
coliforms and its public health significance was 
highlighted [16]. 
      On the other hand, various strains of 
Salmonella isolated from different sources in 
Oman, namely sewage water, chicken and food 
handlers were investigated for their antibiotic 
resistance. Of 1242 isolates from food handlers, 15 
(1.2%) were resistant to one or more antibiotic. Of 
these, 41% were resistant to ampicillin, 42% to co-
trimoxazole and 22% to chloramphenicol [30].  
      Our results and those obtained by such 
researchers [23, 29, 30] highly support the 
recommendation of restricting the prescription of 
an antibiotic such as ampicillin under uncertain 
expected efficiency, as it was proved by many 
authors to be one of the most antibiotics, bacteria 
gained resistance against.Comparison with 
investigations carried out in well-developed 
countries verifies that the problem is world-wide 
and not only restricted to developing countries. 
       Increasing levels of resistance to antimicrobial 
agents in bacteria, particularly in Gram-negative 
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rods resistant to β-lactam antimicrobial drugs, have 
become evident. Gram-negative bacteria quickly 
acquired resistance to cephamycins and broad-
spectrum cephalosporins, by acquiring plasmid-
encoded extended-spectrum β-lactamases (ESBLs), 
cephamycinases, or carbapenemases, among other 
mechanisms [31].  
       A study on the spread of multiple drug-
resistant (MDR) bacteria from hospital effluent to 
the municipal sewage system showed that the 
MDR bacteria population in hospital effluents 
ranged from 0.58 to 40% for ten hospitals studied 
while it was less than 0.00002 to 0.025% for 11 
sewage samples from the residential areas. 
Observations suggest that hospital effluents can be 
a potential health hazard by adding MDR bacteria 
to a city sewage pool. Yet, the number of MDR 
bacteria was alarmingly high for the effluent 
samples from hospitals. The MDR pattern seen in 
the bacterial isolates from hospital effluent samples 
included most of the antibiotics used presently for 
treating human infections. The worst fear 
apprehended is the transfer of such resistance to 
bacterial pathogens causing infections in the 
community [32].  
 
Conclusion 
Results of the present study clearly indicate the 
problem of multi-drug resistance among 
pathogenic bacteria isolated from the selected 
hospitals. This problem is exponentially growing 
and requires rational for antibiotic policy to control 
the recurrent of hospital infection. This is mainly 
starts from the hospital settings where the overuse 
of antibiotics is overwhelming treatment strategies 
in addition to the continuing research efforts to 
control the spread of multiple drug-resistant 
pathogenic bacteria. This is an introductory part for 
another upcoming work exploring the use of 
bacteriophages as means for controlling MDR 
pathogenic bacteria in sewage. 
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